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[57] ABSTRACT

Descriptions of phantom raster scan are generated with
high spatial resolution in angular coordinates and in
coordinates, such as radial coordinates, orthogonal to
the angular coordinates. The more significant bits of
these coordinates are used to generate read addresses
for a relatively low spatial resolution image memory
supplying, in parallel, four data at a time descriptive of
spatially adjacent points in image space. The less signifi-
cant bits of one of these coordinates are used in calculat-
ing first and second linear interpolations between pairs
of these data, and the less significant bits of the other of
these coordinates are used in calculating a third linear
interpolation between the results of the earlier linear
Interpolations to obtain successive samples of a video
signal descriptive of the image stored in image memory.
This avoids the need for large-capacity ROM in making
the interpolations among image memory data to avoid
rastering effects in the display.
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PHANTOM RASTER GENERATING APPARATUS
SCANNING TV IMAGE MEMORY IN ANGULAR
AND ORTHOGONAL COORDINATES

The present invention relates to apparatus for gener-
ating video signals descriptive of television images from
image memory addressed by angular-coordinate and
radial-coordinate descriptions of phantom raster scan
and, more particularly, to improved apparatus for inter-
polating between parallelly read data concerning spa-
tially adjacent points in image space to eliminate raster-
ing effects appearing in the television displays written
from those video signals.

Nitadori in U.S. Pat. No. 4,220,969, issued Sept. 2,
1980 and entitled “DIGITAL SCAN CONVERTER?”,
describes the generation of high-resolution, polar-coor-
dinate descriptions of phantom raster. The more signifi-
cant bits of the angular and radial coordinates are used
as the basis for generating the column and row ad-
dresses for an array of sixteen spatially adjacent storage
locations in a buffer memory, which is an image mem-
ory into which plan position indicator (PPI) informa-
tion 1s mapped in polar coordinates. The less significant
bits of the angular and radial coordinates are used as
input to an interpolation circuit, which includes read-
only memory (ROM) storing weighting factors descrip-
tive of an interpolationg function. Sixteen weighting
factors, descriptive of the points on the two-dimen-
stional interpolating function where the array of spa-
tially adjacent points from the image memory fall, are
then used to multiply the associated ones of the image
samples from the image memory; and the products are

accumulated to generate each interpolated sample of

video signal to control the display on the raster-scanned
screen of a cathode ray tube (CRT).

Vallins in U.S. Pat. No. 4,127,850, issued Nov. 28,
1978 and entitled “SCANNING DISPLAY APPARA.-
TUS” describes the generation of high-resolution.
Cartesian-coordinate descriptions of phantom raster at
programmable degree of skew for rotating the display
of parallel-line images taken from ROM addressed by
column and by row using the more significant bits of
skewed Cartesian coordinates. The less significant bits
of the skewed-Cartesian-coordinate descriptions of ras-
ter scan are used to govern a two-dimenstonal interpola-
tion among spatially adjacent data from the image mem-
ory. This interpolation is carried forward using a right-
square-pyramid weighting function stored in ROM.

- The Nitadori and Vallins apparatuses both require
substantial amounts of ROM for storing weighting func-
tions, and it is desirable to interpolate in a manner which
reduces or eliminates this requirement for ROM. The
phantom raster employed in the Vallins apparatus is
described in Cartesian coordinates, which are skewed
respective to the Cartesian coordinates that describe the
display screen raster scan according to which the un-
rotated image is stored in image memory, but which
have the same sampling intervals in the pixel-by-pixel
and line-by-line scan directions. When the coordinates
are used to scan the image memory, there is a tendency
~ to undersample high spatial frequency content in the
image memory for directions askew to the directions of
pixel-by-pixel and line-by-line scans in the unrotated
image. This presents a risk of aliasing occuring as the
Image is rotated. As pointed out by G. A. Reitmeier and

the present inventor in a concurrently filed U.S. patent
application entitled “VIDEO PRE-FILTERING IN
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PHANTOM RASTER GENERATING APPARA.-
TUS” this type of aliasing can be prevented when rotat-
ing television images by using a low-pass two-dimen-
sional spatial-frequency filter to reduce the diagonal
spatial-frequency content of images before their being
written into an image memory. This low-pass filtering
process when applied to graphic images with single-bit
video level resolution introduces mulltiple-bit grey-
scale resolution of video level in the samples of image to
be stored in image memory, which undesirably in-
creases the required size of image memory. The alterna-
tive solution to the aliasing problem in the Vallins appa-
ratus, as seen by the present inventor, is to make the
column-to-column spacing and row-to-row spacing in
image memory larger (by a factor at least V2 where
there 1s to be capability for rotation of image through all
angles on display screen) than the pixel-to-pixel and
line-by-line spacing of display raster scan, as measured
in terms of common time base unit. This, however, also
reduces spatial-frequency resolution in the horizontal
and vertical directions of the unrotated image as stored
In image memory.

The present inventor perceived that aliasing prob-
lems of the type described in the previous paragraph
can be avoided if one uses polar-coordinate display
memory when arranging for programmable rotation of
a display image. This, inasmuch as the resolution in all
radial directions from center of image rotation, where
radial coordinate r is zero-valued, is uniform as a func-
tion of the angular coordinate 8. Display memories
addressed by phantom raster described in other coordi-
nates, such as an inverse polar coordinate system with
coordinates @ and 1/r, can also supply video signals
without incurring that type of aliasing. In general, alias-
ing of this sort can be avoided by using any orthogonal
system of coordinates in @ and in a function of r for

~ addressing display memory.
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The use of such a system of coordinates in phantom
raster generating apparatus is also advantageous where
it 1s desired to independently rotate different annular
portions of the image around the same center of rota-
tion. Different offsets in @ as a function of the orthogo-
nal radial coordinate can be added (in positive or nega-
tive sense) to the transformed-Cartesian-coordinate
descriptions of display raster scan to rotate the annular
portions of the image differently. There is no need to
otherwise alter the transformed-Cartesian-coordinate
description of phantom raster scan, and the change in
image rotation by adding offset can be made at video
scan rates. 'This 1s important because accumulation tech-
niques are the only practical way to generate, at normal
pixel scan rates, a transformed-Cartesian-coordinate
description of phantom raster scan with sufficient spa-
tial resolution to permit interpolation from a display
memory having bandwidth comparable to video band-
width. The simple addition of angular offset cannot be

- made in phantom raster descriptions in orthogonal co-

60

65

ordinates, neither of which is an angular coordinate,
and accumulations must be carried forward in parallel
for each angle of rotation to be encountered in a display
field. Phantom raster descriptions in orthogonal coordi-
nates, one of which is angular coordinate, can be ro-
tated at will during different portions of a display field
without need for parallel generation of different phan-
tom raster descriptions.

There are, then, distinct advantages of phantom ras-
ter generation using angular and orthogonal coordi-
nates for dealing with display images which are to be
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rotated on screen or which originate from sensors such
as radar scanners operated in such coordinate systems.
Two-dimensional interpolation between parallelly sup-
plied data from image memory descriptive of spatially
adjacent points in image space is highly desirable to
avoid rastering effects in the display image (1.e. errors
associated with spatial quantization of display memory
addressing), while keeping the spatial resolution re-
quirements on image memory within reasonable
bounds. A problem to be overcome, in order to make
the phantom raster generating apparatus using angular
and orthogonal coordinates practical, 1s the avoidance
of the need for large-capacity ROM for making the
two-dimensional mterpolation.

G. A. Reitmeter and the present inventor in their
concurrently filed U.S. patent application entitled
“VIDEO PRE-FILTERING IN PHANTOM RAS-
TER GENERATING APPARATUS” describe phan-
tom raster generating apparatus using skewed-Carte-
sian-coordinate descriptions of phantom raster scan.
Two-dimensional interpolation is carried forward by
calculation. In these calculations first and second two-
dimensional linear interpolations are made between data
read from two pairs of storage locations in image mem-
ory, each pair of locations having similar column (or
row) addresses, and are made according to residual
portions of the column (or row) addresses, the modular
portions of which actually address the image memory.
These interpolations are followed by a third linear inter-
polation made between the results of the first and sec-
ond interpolations, being made according to residual
portions of the row (or column) addresses the modular
portions of which actually address the image memory.
These calculations result in a two-dimensional interpo-
lation which can be shown to provide equivalent result
to an interpolation wusing right-square-pyramid
weighting functions from ROM as might be done {ol-
lowing the example of Vallins, so that the degree of
“bright-up” (video intensity) at each pixel location in
display screen is proportional to the degree that each
pixel location in the raster scanned display would be
overlapped by a pixel located in a skewed phantom
raster.

The present inventor has found that, surprisingly,
that calculation technique for two-dimensional interpo-
lation also works satisfactorily in connection with
image memory addressed in polar coordinates. This,
despite the fact that the weighting of the data being
interpolated among, contrary to the case with Vallins’s
apparatus, 1s not proportional to the degree each rectan-
gular pixel location on a display screen in the raster
scanned display, would be overlapped by an arcuate
pixel defined from image memory. The overlapping
relationship of pixels on display screen and in 1mage
memory described by Vallins tends to be coincidental,
rather than essential, to satisfactory two-dimensional
mterpolation from image memory.

The present invention 1s embodied, for example, in
phantom raster generating apparatus including means
for generating a description of raster scan in angular
coordinates and in coordinates orthogonal to those
angular coordinates; an 1mage memory addressed by
those angular coordinates, as applied either with or
without offset, and by said orthogonal coordinates; and
a two-dimensional interpolator. This interpolator is of a
type calculating first and second hinear interpolations
between data from image memory describing spatially
adjacent points in image space according to a direction
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along one of said angular and orthogonal coordinates,
for obtaining first and second intermediate interpolation
results, and then calculating a third linear interpolation
between those intermediate interpolation results in a
direction along the other coordinate, for obtaining as
final interpolation results samples of a video signal de-
scribing the image in image memory with a degree of
rotation dependent on the offset with which angular

coordinates are applied to address the image memory.
In the drawings:

FIG. % i1s a general block diagram of a television
display system for displaying an image taken from mems-
ory and rotated through a programmable angle in
which apparatus the invention finds use;

FIG. 2 is a diagram useful in understanding the forms
taken by the Cartesian coordinates describing the rotat-
able image prior to its rotation;

FIG. 3 is a block diagram of scan generator and scan
converter circuitry used in accordance with the inven-
tion for addressing a memory storing information orga-
nized according to polar coordinates;

FIG. 4 is a block diagram of a modification that can
be made to the FIG. 3 scan converter;

FIG. S is a block diagram of a memory system useful
in connection with the FIG. 1 apparatus;

FIG. 6 is a block diagram of a modification which can
be made to the FIG. 5 memory system when unshaded
line-graphic images are to be stored;

FIG. 7 is a diagram of a horizontal situation indicator
(HSI) display that can be presented by the FIG. 1 televi-
sion display system:;

FIG. 8 is a block diagram of a modification that can
be made to the FIG. 1 system for reducing the amount
of ROM required for converting r2 to r; .

FIG. 9 is a schematic diagram illustrating the form a
range detector in the FIG. 8 modification may take; and

FIG. 10 1s a block diagram of another modifications
that can be made to the FIG. 1 system, in accordance
with still further aspects of the invention.

In FIG. 1, image memory 10 stores information read
out at video rates to the input of digital-to-analog con-
verter (DAC) 11 to be converted to video for applica-
tion to a video amplifier 12, the output of which drives
the electron gun of a cathode ray tube (CRT) 13. CRT
13 has a screen 14 raster-scanned by the electron beam
emanating from its electron gun. The raster-scanning is
typically accomplished using horizontal and vertical
deflection coils 15 and 16 supplied sawtooth currents
from horizontal and vertical sweep generators 17 and
18, respectively. It i1s customary to use resonant circuits
including the deflection coils in these generators and to
synchronize the sweeps with horizontal and vertical
synchronizing pulses supplied by timing control cir-
cuitry 19. Circuitry 19 generally includes frequency
dividing circuitry for generating these synchronizing
pulses at rates subharmonic to master clock signals pro-
vided from a master clock 20, which customarily com-
prises a crystal oscillator that operates at the pixel scan
rate or a multiple thereof. (*“Pixel” 1s short for “picture
element’.)

Image memory 10 1s addressed during its read-out by
radial and angular coordinates r and 8, respectively,
supplied as output from a scan converter 21 responsive
to x and y coordinates supplied to it as input from a scan
generator 22. Scan generator 22 generates a sub-ras-
ter—i.e., a raster scanning of x and y addresses which
may or may not be co-extensive with the raster scanning
of the display screen by electron beam. These x and y
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coordinates are generated by scan generator 22 at pixel
scan rate during each line scan of CRT 13 screen 14 in
the trace direction, as timed from timing control cir-
cuitry 19. Scan converter 21 is programmable as to the
degree of rotation (expressed as angle ¢) of the image to 5
be read out of image memory 10. This angle ¢ is added

to the angular Y coordinates descriptive of unrotated
image to obtain the angular 6 coordinates descriptive of
rotated graphic image. This is, in the system being de-
scribed tan—1 (y/x) defines i, rather than 8, with 6 10
being defined as equalling { plus the angle s by which
the image is rotated between memory 10 and its display

on screen 14 of CRT 13. The angle ¢ may, for example,

be calculated by a microprocessor 23, responsive to
data received or interchanged with display control 15
circuitry 24. The display control circuitry 24 might, for
example, comprise the gyrosc:Opic compass, synchros
and synchro-to-digital converters in a horizontal situa-
tion indicator system for aircraft cockpit use. Micro-
processor 23 may also use radial coordinate r output 20
from scan converter 21 in its calculations where con-
centric images are to be rotated in differing degrees.

This specification assumes that the positive direction
for x coordinates extends from left to right and that the
positive direction for y coordinates extends from top to 25
bottom, defining a coordinate system where the angle
Yy=tan—! (y/x) increases in clockwise rotation. This
differs from customary analytic geometry notation, but
is consonant with normal television scanning practice.

FIG. 2 is useful in understanding how to define the x 30
and y coordinates of electron beam trace position to
implement scan conversion. Point 30 is the arbitrarily
chosen center of rotation for the image to be retrieved
from memory 10. This center of rotation 30 is the center
of a dotted-line circle 31 of arbitrary radius within the 35
perimeter of which the image will always repose,
whether rotated or not. It is convenient to choose this
radius to be 27 pixels, where n is an integer. Circle 31 is
inscribed in a square 32 with sides 32q, 325, 32¢, and 324
which defines that portion of the raster-scan to be trans- 40
formed from x, y coordinates to the r, @ coordinates
used for addressing memory 10.

The scan conversion calculations are considerably
simplified by choosing the center of rotation 30 as the
origin for the x, y coordinate system. However, the 45
point at which it is best to begin to carry forward the
scan conversion process is the first point to be scanned
in square 32—i.e. the upper left-hand corner 33, presum-
ing the use of conventional CRT raster-scan with the
relatively slow line-by-line scan from top to bottom in 50
the trace direction and with the relatively fast pixel-by-
pixel scan from left to right in the trace direction. This
facilitates the changing of the rotation of the graphic
image taken from memory 10 as it is presented on dis-
play screen 14 of CRT 13 without introducing disrup- 55
tion in the image as displayed. The rotation of the image
as a Gestalt becomes possible simply by adding a differ-
ent angle ¢ of programmable rotation to the angular
coordinate developed by scan converter 21, performin g
this addition during times between successive raster 60
scanmngs of the portlon of image space occupied by the
graphic image stored in memory 10. As noted above, it
is desirable to avoid straightforward digital multiplica-
tion in the scan conversion process, and the alternative
of using some accumulation process processing at pixel- 65
by-pixel rate in conversion of x and at line-by-line rate
(where the display is not interlaced) in conversion of y

may occur to the digital system designer. |

6

Beginning scan conversion at other than the x, y
origin poses a problem of how to establish the initial
conditions for accumulation. In part, this problem arises
inasmuch as the origin is the only part that is scan-con-
verted without being affected by the angle ¢ through
which the image is rotated. Another aspect of the prob-
lem is that the origin in both coordinate systems is re-
mote from point 33, so at least one of its coordinates
tends to have nearly maximum value. Usually accumu-
lation processes are carried forward from zero, how-
ever, so that the large numbers are gradually accumu-
lated, this tending towards simplifying the arithmetic to
a single addition or so. '

FIG. 3 shows a particular sub-raster scan generator
40 for generating x and y scan coordinates. The rest of
the apparatus in the figure is a scan converter for con-
verting these Cartesian coordinates to polar form for
addressing memory 10, which is addressed in polar
coordinates. E.g., memory 10 is addressed by column in
angular coordinates (8) and by row in radial coordinates
(r). It is convenient to have the scan generator generate

- x and y coordinates in two’s complement form.

The y coordinate of scan is generated using an n-bit
counter 41 and a set-reset flip-flop 42; their combined
outputs provide the y coordinate in two’s complement
form, its most significant bit being provided by the Q
output of flip-flop 42 and its less significant bits by
counter 41 output. The output of counter 41 is reset to
ZERO and the Q output of flip-flop 42 is set to ONE by
a SLOW-PRR INITIALIZATION pulse generated in
timing control circuitry 19 at the time when the raster-
scanning of the display screen brings the electron beam
trace to position 33 (described in connection with FIG.
2). (“PRR” is the abbreviation for “pulse repetition
rate.””) The count in counter 41 is incremented by a
LINE-SCAN-RATE CLOCK pulse furnished to it by
timing control circuitry 19 following each time the
electron beam trace crosses side 324 of square 32 in
FIG. 2, and occurring before the trace crosses side 325

on the ensuing line of display screen raster-scan. When
the electron beam scan has crossed side 32d of square 32
on the electron-beam-trace scan line just prior to that
which sweeps through center of rotation 30, the n-bit

" counter 41 will have counted 2” scan lines and have

reached full count of 27—1. The next LINE-SCAN-
RATE CLOCK pulse input will cause the counter 41
output to change from n parallel bits each ONE to n
parallel bits each “ZERO” and to reset flip-flop 42.
When being reset, flip-flop 42 toggles from ONE to
ZERO at its Q output; and its Q output remains at
ZERO for the remainder of the scanning of square 32.
The x coordinate of scan is generated using a n-bit
counter 43 and a set-reset flip- ﬂop 44, their combined
outputs provide the x coordinate in two’s complement
form, its most significant bit being provided by the Q
output of flip-flop 44 and its less significant bits, by
counter 43 output. The output of counter 43 is reset to
ZERO and the Q output of flip-flop 44 is set to ONE by
a FAST-PRR INITIALIZATION pulse generated by
tlmmg control circuitry 19 at the time when the raster-
scanning of the display screen brings the electron beam
to any point on side 325 of square 32 (described in con-
nection with FIG. 2). The count in counter 43 is incre-
mented at video rate by a PIXEL-SCAN-RATE
CLOCK pulse furnished from timing control circuitry
19. When the electron beam has reached a distance from
side 32b one pixel shorter than that center of rotation 30
is from side 325, the n bit counter 43 will have counter
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2" pixels and have reached full count 21—1. The next
PIXEL-SCAN-RATE CLOCK pulse input will cause
the counter 43 output to change from n parallel bits
each ONE to n parallel bits each ZERO and to set
tlip-flop 44 with its overflow bit. The Q output from 5
tlip-flop 44 toggles from ONE to ZERO and remains at
ZERO for the remainder of the scan to side 324 of
square 32.

The types of circuitry that can be used in timing
control circuitry 19 for generating the LINE-SCAN- 10

RATE CLOCK, SLOW-PRR INITIALIZATION,
PIXEL-SCAN-RATE CLOCK and FAST-PRR INI-

TIALIZATION pulses are familiar to the video system
designer. The PIXEL-SCAN-RATE CLOCK and
LINE-SCAN-RATE CLOCK pulses are normally gen- 15
erated by frequency-dividing counters which count
MASTER CLOCK pulses—although it is possible (par-
ticularly in systems with monochromatic display) that
the master clock 2) supplies output pulses at pixel scan
rate, which may be supplied without frequency division 20
to counter 43 as input for counting. The SLOW-PRR
INITIALIZATION pulse may be generated using a
counter to count electron-beam-trace scan lines since
field retrace and then using a digital comparator to
compare the output of that counter to a programmed 25
line count for indicating when the edge 32z of square 32
has been reached by the electron beam trace; and the
FAST RESET pulse may be generated using a counter

to count pixels since line retrace and then using a digital
comparator to compare the output of that counter to a 30
programmed pixel count for indicating when the edge
32b of square 32 has been reached by the electron beam
trace. These counters are normally extant in the fre-
quency divider circuitry used in the generation of hori-
zontal and vertical synchronizing pulses for the hori- 35
zontal and vertical sweep generator 17, 18. In the spe-
cial case where the perimeters of the display screen and

of square 32 coincide, the SLOW-PRR and FAST-PRR
INITIALIZATION pulses may be provided by the
vertical and horizontal synchronization pulses, respec- 40
tively, with the PIXEL-SCAN-RATE CLOCK and
LINE-SCAN-RATE CLOCK pulses being supplied as
gated clocks, with clock pulses furnished only during
trace and not during retrace. In this special case the
counters used in the scan generator may also be em- 45
ployed in the counting used in frequency division of the
master clock pulse repetition rate to control the timing

of horizontal and vertical synchronization pulses for
sweep generators 17 and 18.

In other cases, where the square 324 is entirely within 50
the confines of the screen, gated clocks may be used
where ciock pulses are provided only as long as the
electron beam trace is within square 32. Allowing
square 32 to be only partially on screen will require
measures to prevent the portion of the display that is 55
supposed to be off-screen—i.e. beyond an edge of the
screen—{rom appearing on screen extending from the
opposite edge of screen. This blanking is most straight-
forwardly carried out by selectively enabling the read-
ing of memory 10 depending on whether the evenness 60
or oddness of the counts in counters 41 and 43 corre-
spond or do not correspond to those of the counts from
the frequency dividing counters in timing control cir-
cuitry 19 which are used to time horizontal and vertical
synchronization pulses. While field interlace is not nor- 65
mally used in digitally generated graphic video dis-
plays, where it is used, the LINE-SCAN-RATE
CLOCK to counter 41 can comprise pulse doublets,

8

each doublet occurring once per line scan interval to
cause counter 41 to increment by two each time it
counts rather than by unity. Provision is then also made
to apply an additional LINE-SCAN-RATE CLOCK
pulse to counter 41 every other interval between field
scans, to compensate for the one less line in alternate
fields.

Circuitry 50 converts the x and y coordinates to the
radial coordinate r of the polar coordinates used for
addressing memory 10 supposing it to be of a type ad-
dressed in polar coordinates. The following formula is a
conventional basic conversion formula used in circuitry

50.
r=x2+4y? (1)

By a process that will be explained presently x2+y?2 is
accumulated in a (2n+ 1)-bit register 51 to provide an r?
input to a read-only memory (ROM) 52. ROM 52 stores
a square-root look-up table and responds to r2 to pro-
vide the radial coordinate r.

The accumulation of x2 and y2 is based on the follow-
ing specific expression of the binomial theorem, where
z 1s the general expression for either variable, x or vy.

G+ 12 =22+2z+1 2)

From this one can by the rules of ordinary algebra
develop the following relationships.

(x+ 12+ 2 =(x2+p2)+(2x+1) 3)

X2+ 12 =(x2+p2)+(2p+1) (4)

The initial contents of r2=x2 4 y2 register 51 should be
twice 227 or 2(22+1)—that is, the sum of x2 and y2 associ-
ated with point 33. This is arranged by resetting the
(2n-}1)-bit register 51 output responsive to the SLOW-
PRR INITIALIZATION pulse to all zeros, which
represents an overflow count of 2(27+1),

Thereafter, the two’s complement output of register
51 is clocked out and added to the two’s complement
output of a multiplexor 53 responsive to each REGIS-
TER CLOCK pulse provided from the output of an OR
gate 35 responsive to either a LINE-SCAN-RATE or
PIXEL-SCAN-RATE CLOCK received at one of the
inputs of gate 55, and the two’s complement result is
used to update the contents of register 51. Multiplexor
53 1s arranged to select as its output, during times the
register 51 is to be clocked with a REGISTER CLOCK
pulse derived from a PIXEL-SCAN-RATE CLOCK
pulse, its input corresponding to a (2x+1) term. This
term comprises n more significant bits each correspond-
Ing to the Q output bit of flip flop 44, n less significant
bits corresponding to the n-bit output of counter 43, and
a least significant bit which is invariably a ONE Multi-
plexor 53 is arranged to select as its output, during times
the register 51 is to be clocked with a REGISTER
CLOCK pulse derived from a LINE-SCAN-RATE
CLOCK pulse, its input corresponding to (2y+ 1) term.
This term comprises n more significant bits each corre-
sponding to the Q output bit of flip flop 42, n less signifi-
cant bits corresponding to the n-bit output of counter
41, and a least significant bit which is invariably 2 ONE.

The n more significant bits of these two’s comple-
ment terms being all ZERO’s is indicative of their being
positive. In such instances the n less significant bits
correspond to the 2x portion of (2x--1) and to the 2y
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portion of (2y+1); and the least significant bits being
ONE’s add unity to 2x and 2y. The n more significant
bits in these two’s complement terms being all ONE’s,
on the other hand, is indicative of their being negative.
In such instances the remaining bits correspond to the
complement of (2x+1) and to the complement of
(2y +1)—i.e. those terms subtracted from 2~.

In the case where the perimeters of square 32 and the
display coincide, the multiplexor 53 is controlled by
pulses generated during horizontal retrace. Absent the
pulses, counter 43 output is selected by multiplexor 53
as 1ts output; otherwise counter 41 output is selected as
its output. In other cases the multiplexor 53 can be
controlled by the output of a flip-flop, set by alternate
overflow bits from counter 43 to direct multiplexor 53
to select counter 41 output as its output, and reset by
delayed LINE-SCAN-RATE CLOCK pulse to direct
multiplexor 53 to select counter 43 output as its output.

Circuitry 60 converts the x and vy coordinates to an

unrotated image angular coordinate to be added to a 20

programmable angle ¢ of image rotation to generate the
rotated-image angular coordinate @ of the polar coordi-
nates used for addressing memory 10, continuing to
suppose it to be of a type addressed in polar coordinates.
The most significant bit of s, indicative of the half-plane
the sample point of the unrotated image lies in, is avail-
able directly from polarity-bit flip-flop 42 of scan gener-
ator 40. The second most significant bit of ¥, which
together with the most significant bit of v indicates the
quadrant in which s lies, is generated at the output of an
exclusive OR gate 68 to which the outputs of flip flops
42 and 44 of scan generator 40 are applied. The less
significant bits of s are in essence, to be generated as the
arc tangent of |y|/|x|. The quotient of |y|/|x]| re-
quires registers of extreme length to maintain sufficient
accuracy in defining angles close to multiples of 7/2,
including zero and 7/2, inasmuch as |y|/|x| changes
rapidly except around odd multiples of 7/4. A compari-
son of the range of |y|/| x| values can be achieved, and
division can be facilitated, by carrying forward the
division process using logarithms.

To generate a good approximation for larger values
of |y|, the two’s complement y output of counter 41
with most significant bit suppressed, is applied as first
inputs to a first battery 61 of exclusive-OR gates each
receiving the Q output of flip-flop 42 as their second
inputs. The outputs of the battery 61 of exclusive-OR
gates 1s the approximation to |y| in ordinary binary
numbers. The output from second battery 62 of exclu-
sive OR gates provides a good approximation for larger
values of |x| analogously, in response to inputs taken
from the output of counter 43 and the Q output of flip-
flop 44. Where memory 10 stores information at loca-
tions with r coordinates close to the origin r=0, the Q
outputs of flip-flops 42 and 44 can be added to the out-
puts of batteries 61 and 62 of exclusive-OR gates to
obtain |y| and |x| exactly.

A ROM 63 responds to the n-parallel-bit output of
battery 61 of exclusive OR gates to supply its logarithm
to the base two, and a ROM 64 responds to the n-paral-
lel-bit output of battery 62 of exclusive OR gates to
supply the logarithm to the base two of its reciprocal.
These logarithms are summed in adder 65 to develop
the logarithm of |y|/|x|, applied as input to a ROM 66.
ROM 66 supplies the arc tangent of the antilogarithm of
1ts input to generate Yy=tan—1(|y|/|x|), or its comple-
ment, depending on the display quadrant. A battery 69
of exclusive-OR gates responds to the quadrant indica-
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tion from exclusive-OR gate 68 applied to their first
inputs and to ROM 66 output applied to their second
inputs to provide the polar coordinate y of the un-
rotated image. Y is summed in adder 67 with the angle
¢ through which the image is to be rotated. This addi-
tion generates 6, the polar coordinate in which memory
10 1s to be addressed, supposing it to contain the display
image information in polar-coordinate organization.

FIG. 4 shows how ROM 66 can be replaced by a
ROM 71 which stores 0=Yyi=(w/4) rather than
O=yi=(7/2) taking advantage of the following rela-
tionship for 0=y =n/2.

tan [(7/2)— )= =[tan ()]~

This halves the number of inputs to the ROM for arc
tangent look-up.

Digital comparator 72 compares the n-parallel-bit
output from battery 61 of exclusive-OR gates to the
n-parallel-bit output from battery 62 of exclusive OR
gates to develop an output that is ZERO for the former
smaller than the latter and is otherwise a ONE. This
output and the output of exclusive-OR gate 68 are ap-
phied as inputs to a further exclusive-OR gate 78. The
output of gate 78 is used as the thirdmost significant bit
of Y and so reduces by one the number of bits stored at
each location in ROM 71 to preserve the accuracy
provided by ROM 66.

The output of comparator 72 also is applied as control
signal to multiplexors 73 and 74 and as first input to each
of a battery 75 of exclusive OR gates. These exclusive
OR gates receive as second inputs respective bits of the
output from ROM 71, reproducing those bits as their
outputs when their first inputs are ZERO and comple-
menting those bits as their outputs when their first in-
puts are ONE. The output of comparator 72 being
ZERQO directs multiplexors 73 and 74 to apply the out-
puts of batteries 61 and 62 of exclusive-OR gates to
ROM’s 63 and 64, respectively; and battery 75 of exclu-
sive-OR gates passes the ROM 71 output without ciom-
plementing to furnish the less significant bits of y. The
output of comparator 72 being ONE directs multiplex-
ors 73 and 74 to apply the outputs of batteries 61 and 62
of exclusive OR gates to ROM’s 64 and 63, respectively;
and battery 75 of exclusive OR gates complements the
ROM 71 output in its output to furnish the less signifi-
cant bits of .

The r and 8 coordinates generated by the scan con-
version described above each comprise a “modulus’-
'—1.e., the more significant bits of that coordinate
which are used to address the memory—and a “resi-
due”’—1.e., the less significant bits of that coordinate
which are not used to address the memory. While the
residues frac r and frac @ of these coordinates would be
simply disregarded, using them to govern a two-dimen-
stonal interpolation between each four closely-grouped
adjacent locations in memory permits the practical
eradication of step discontinuities in the raster-scanned
display tending to arise because the sampled points of
the stored image do not conformally map the centers of
the display pixels.

The two-dimensional linear interpolation can be done
by successively polling each of the four adjacent loca-
tions in memory for each pixel scanned in the display
raster. Or the memory may be quadruplicated with the
image shifted one coordinate step in one direction or the
other or both in the three supplementary memories,
with the four memories being read in parallel and their
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outputs summed for each pixel scanned in the display
raster. The first of these alternatives involves high
video rates of operation. The second of these alterna-
tives requires a fourfold increase in memory size. It was
observed that this increase in memory size is just to
store replicated data with shifted addresses, which led
to a search for a way to retrieve the four pieces of infor-
mation for the two-dimensional linear interpolation in
parallel from a memory not increased in size.

FIG. 5 shows the result of that search. Memory 10 is
subdivided into four portions 10a, 10b, 10¢, and 10d read
out in parallel via a multiplexer 80 to simultaneously
supply four bits of information in parallel to the two-di-
mensional linear interpolation circuitry 90. The least
significant bits of the integral portions of r and 6 control
the multiplexor which accesses the memories depending
on whether odd or even column address is at the left in
the square arrangement of four adjacent locations in
memory under consideration and on whether an odd or
even row address 1s uppermost in the arrangement. For
certain square arrangements, such as those where the
least significant bits of the integral portions of r and @
both are ZERO the submemories are addressed simi-
larly in r and 6.

For squares of four adjacent memory locations dis-
placed one row downward, the lowermost row should
be at a row address one higher than the uppermost row.
This is taken care of by row-addressing submemories
10z and 1056 with the output of adder 80, which adds the
least significant bit of the integral portion of the r coor-
dinate to the more significant bits of the integral portion
of the r coordinate used directly to row-address sub-
memories 10c and 10d.

For squares of four adjacent memory locations dis-
placed one column to the right the rightmost column
should be at a column address one higher than the left-
most column. This 1s taken care of by column-address-
ing submemories 10z and 10¢ with the output of adder
82, which adds the least significant bit of the integral
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portion of the @ coordinate to the most significant bits of 40

the integral portion of the 8 coordinate used directly to
column-address submemories 105 and 10d.

As each pixel 1s raster-scanned the four adjacent loca-
tions in memory addressed at that time supply upper-
left, upper-right, lower-left, and lower-right informa-
tion for two-dimensional linear interpolation in interpo-
lator circuitry 90. This interpolation can be carried out
as shown in FIG. 5, for example. The lower-left point
trace intensity information is subtracted from the lower-
right trace intensity information in combining circuit
01; the difference is multiplied in digital multiplier 92 by
the fractional residue of the appropriate coordinate and
added back to the lower-left trace intensity information
in combining circuit 93 to obtain a first intermediate
interpolation result. The upper-right and upper-left
trace-intensity information are combined analogously to
the lower-right and lower-left trace-intensity informa-
tion using combining circuit 924, digital multiplexer 95,
and combining circuitry 96, to supply a second interme-
diate interpolation result from the output of combining
circuit 6. This second intermediate interpolation result
1s subtracted from the first in combining circuit 97; and
the resulting difference 1s multiplied 1n digital multiplier
88 by the residue of the other coordinate and added
back to the second intermediate interpolation result in
combining circuit 99 tc obtain the final interpolation

result supplied as input to digital-to-analog converter
1.
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This interpolator is of a type calculating first and
second linear interplations between data from display
memory describing spatially adjacent points in image
space according to a direction along one of said angular
and orthogonal coordinates for obtaining first and sec-
ond intermediate interpolation results, and then calcu-
lating a third linear interpolation between those inter-
mediate interpolation results in a direction along the
other coordinate for obtaining as final interpolation
results samples of a video signal describing the image in
display memory with a degree of rotation dependent on
the offset with which angular coordinates are applied to
address the display memory.

FIG. 6 shows simplified interpolator circuitry 100
which can be used when the trace intensity information
stored In memory i1s two-valued, or or off, ONE or
ZERQO. The first intermediate interpolation result i1s the
output of a select-one-of-four decoder 101 controlled by
the upper-left point and upper-right point as two bits
defining four selection conditions. If the upper-left and
upper-right points are both ONE, its ONE input is se-
lected by decoder 101 as its output. If the upper-left and
upper right points are both ZERQ, its ZERO 1nput i1s
selected by decoder 101 as its output. If the upper-left
point is ZERO and the upper right point is ONE, the
residue of the appropriate coordinate (8 or r) input of
decoder 101 is selected as its output. If the upper-left
point 18 ONE and the upper right points 1s ZERO on the
other hand, the decoder 101 input selected as output is
the complement of that residue as generated by comple-
mentor (or NOT gate) 102. A select-one-of-four de-
coder 103 analogously responds to four control states
defined by the lower-left and lower-right points to sup-
ply as its output the second intermediate interpolation
result. The use of decoders 101 and 103 eliminates two
costly digital multipliers.

The FIG. 1 television display system is of a type
particularly well-suited for the displaying of informa-
tion containing a high proportion of lines that are circles
or arcs of circles and that are radial from origin. An
example of such display information is the compass rose
pattern shown in FIG. 7, which is rotated on display
screen 14 responsive to gyroscopic compass output in a
horizontal situation indicator (HSI) for aircraft cockpit
use. This annulus of information i1s placed on display
screen 14 so it surrounds the silhouette of an aircraft,
nose up, which may be printed on the screen 14 face-
plate or may be written onto the screen by electron
beam responsive to video signal supplied from addi-
tional ROM. Of particular concern here are the design
tricks which permit reduction of the amount of ROM
required in the television display system for such annu-
lar graphic information as the compass rose.

Since the display screen has been described as being
2n+1 pixels square, the display will contain no informa-
tion but background mat at radii equal to or in excess of
2" pixels. That 1s, the corners of the display are only
background mat on the display screen and can be keyed
in, using as a keying signal the (2n+4- 1)st bit from binary
point in direction of increasing significance of r2 being
ONE to indicate r has exceeded 27, while the readout
from polar-coordinate display ROM 1i1s keyed out. Ac-
cordingly, this ROM need not have radial address coor-
dinates to accommodate radiu larger than 27—1, nor
need the r2-to-r ROM accommodate values of r2 larger
than 227 —1.

Note, too, that the absence of graphic information
except background mat within the annular compass rose
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sets a limit in the minimum value of r for which informa-

tion need be stored in the display ROM. This allows the
suppression of the more significant bits of r in the forma-
tion of radial coordinate addresses for the polar-coordi-
nate display ROM, which tends to read the display
ROM multiply, as a set of concentric rings surrounding
a circle. This tendency towards multiple reading can be
suppressed, enabling the reading of the display ROM as
a single ring in only the desired range of r coordinates.
For example, in the compass rose, presuming its perime-
ter to fall within 27 radius, the (n—2)"? and (n—3) bits
of r as well as its (n— 1)5*bit, can be suppressed since the
tick marks of the rose do not extend more than quarter
way in from the perimeter of the rose to its center. The
polar-coordinate display ROM need be only large !
enough to accept as partial addressing (n—4) bits of
radial coordinate.

The most significant saving in ROM when the display
ROM stores only an annulus of graphic information,
comes about because of the restriction of r to values
close to 2%, This restriction permits a restriction on the
values of r2 which allows the rZ-to-r ROM to be ad-
dressed with significantly fewer bits, saving a large
amount of memory for this square-root look-up table.
Continuing the previous supposition as to the minimum
value of r, this value of r can be specified as 11 followed
by a number (n—2) of ZERO bits. The minimum value
of r2 corresponding to this minimum r will have a value
1001 followed by 2(n—2) ZERO bits. Values of r? less

than this need not be stored 1 in square-root look-up table
ROM. - |

Each successive value of r2 greater than this square of

minirnum r will increment from the previous by an
increment at least twice minimum r+1, in accordance
with the expression of the binomial theorem per equa-
tion (2)—i.e. by an increment larger than the quantity 11
followed by a number (n—1) of ZERO bits. So, there
can be a truncation of as many as n of the least signifi-
cant bits of r2 in the input to the r2-to-r square-root table
loek-up ROM without loss of the ability to distinguish
successive values of r2 from each other. Furthermore,
for approximate r2 input to the ROM, the square root of
the exact r2 known to correspond can be supplied as
output; this output will tend to be non-integral. Its inte-
gral portion is used for addressing polar-coordmate
display memory and its fractional portion is used for
governing interpolation between spatially adjacent stor-
age locations in the display ROM.

In the example of the compass rose pattern displayed
on a 29 x 29 pixel display screen, the r2 register provides
seventeen bits output. The most significant bit of this
output is used as a keying signal for background matte
and is not forwarded as input to r?-to-r ROM 52. Of the
remaining sixteen bits, the five least significant bits are
discarded, leaving eleven bits to address ROM 52 and
allowing a 23 times reduction in the size of this ROM.

This possibility of thirty-two times reduction of
ROM size is not available when one uses a ROM ad-
dressed directly in |x| and |y| for table lookup of r.
This is because there are small values of |x| and |y
which describe locations in the annulus, so the low
valued input to. ROM cannot be discarded. Conse-
quently there can be no truncation of input to ROM
providing table-look up of r from x and y to reduce the
number of bits in this ROM input. The technique is,
however, applicable to coordinate systems with 6 as
one coordinate and a function of r as the other—e.g. the

10

14

inverse polar coordinate system with coordinates 1/r
and 0.

FI1G. 8 shows further modlﬁcatlens that can be made
to the FIG. 1 display system using scan converter as
shown in FIG. 3 to save ROM when the graphic infor-
mation in polar-coordinate display memory exhibits
video-level changes only in an annular region. The
polar-coordinate image memory 10 addressed in r and 0
is replaced by image memory 10’ addressed in r with its
more significant bits suppressed, reducing the required
number of address lines in the radial dimension. The
suppression of the more significant bits of r in the ad-
dressing of ROM 10’ allows r2-to-r ROM 52 to be re-
placed by ROM 52’ with two fewer bits in its output,
5 offering further saving on the memory required for
square-root table look-up.

In FIG. 8 the output read from ROM 10’ is selec-
tively applied to the input of digital-to-analog converter
12 by a video multiplexor (or MUX) 111, rather than

0 being directly and continuously applied to DAC 12
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input as output read from ROM 10 is in FIG. 1. MUX
111 responds to a detector 112 indicating r? to be in a
range such that r is in the range for which ROM:" 10
stores graphic image, to apply read-out from ROM 10’
to DAC 12. When detector 112 indicates r2 to be out of
that range, MUX 111 responds to forward background
mat video from source 113 thereof to the input of DAC
12 instead. Detector 12 output is, then, a keying signal
for selecting which of the ROM 10’ and source 113
outputs is to be applied to the input of DAC 12.

Determining whether r is in or out of range indi-
rectly, using r2, allows for the omission of the more
significant bits of r in ROM 52’ output. Alternatively,
ROm 52 could be retained, rather than using ROM 52/,
and detector 112 could be replaced by a detector di-
rectly determining whether or not r is in the range for
which ROM 10’ stores image data.

Consider now the forms detector 112 might take,
presuming that it is to supply a ONE as control signal to
MUX 111 when it is to select output from ROM 10’ to
be forwarded to the input of DAC 12, and that it 1s to
supply a ZERO as control signal to MUX 111 when it
is to forward video from source 113 instead.

Suppose that the values of r stored in the r2-to-r ROM
52’ are for radii smaller than the radius of a boundary
circle surrounding the annular region for which ROM
10’ stores a description, that this boundary circle has a
radius of two raised to an integral power; and that the
most significant bit of r? is ZERO at all points in the
dlsplay inside the boundary circle and ONE at all points

in the display outside the boundary circle. Then detec-

tor 112 may take the form of a two-input AND gate,
receiving as one of its inputs the response of .a logic
inverter to the most significant bit of r2. The other of its
inputs will be the nextmost significant bit of r?, if only
the two most significant bits of r2 are suppressed in
addressmg ROM 10’ or will be the output of an AND
gate receiving the nextmost significant bits of r2, if more
of the significant bits of r are suppressed in addressing
ROM 10'.

On the other hand, suppose that the values of r stored
in the r2-to-r ROM 52’ are for radii larger than the
radius of a boundary circle inside the annular region for
which ROM 10’ stores a description; that this boundary
circle has a radius of two raised to an integral power;
and that the most significant bit of r? is ZERO at all
points in the display inside the boundary circle and
ONE at all points in the display outside the boundary
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circle. Then detector 112 may take the form of a two-
input AND gate receiving the most significant bit of r2
as one of its inputs. The other of its inputs will be the
response of a logic inverter to the secondmost signifi-
cant bit of r?, if only the two most significant bits of r2
are suppressed in addressing ROM 10', or will be the
output of a NOR gate receiving as its inputs a plurality
of the nextmost significant bits of r2, if more of the
significant bits of r? are suppressed in addressing ROM
10'.

Where the annular region addressable in display
memory 10" is not proximate to a boundary radius of

two raised to an integral power, then, to permit suppres-
sion of another more significant bit in the addressing of
ROM 52/, r? output from register 51 may be modified as
shown in FIG. 9 by adding an offset to it in adder 130,
to form an r? with offset. This is forwarded to the FIG.
8 circuitry, rather than r2 from register 51 being for-
warded. The stored values of r in ROM 51’ are for r2
before offset is added. Modification of register 51 r2
term by multiplying it by non-integral power of two is
also possible, but requires more elaborate circuitry.
Such multiplication, if attempted, is best done by scaling
in the accumulation processes used to generate r2.

Offset of the r-coordinate address supplied to display
ROM 10’ from ROM 52 and 52’ may be desirable to
facilitate reduction of the number of r-coordinate ad-
dresses in ROM 10’ for selected—coordinates. This can
be done by using an adder 135 to add in the desired
offset in r-coordinate as shown in FIG. 10, or by manip-
ulating the bits of the r-coordinate supplied to ROM 10'.

Where the annular region is a thin enough band,
ROM 10’ may be replaced by a ROM addressed directly
from register 51 output using bits descriptive of r2and 8,
rather than r and @, with interpolation being conducted
using the less significant bits or r2 and 0, which describe
fractions of addressable locations. This permits dispens-
ing with the relatively large ROM 52’

The phantom raster generation circuitry described in
connection with FIGS. 1-5 is, as suggested above,
readily adaptable for use in a television display system
where it is desired to locate and programmably rotate
on just a portion of the display screen a graphic symbol
generated from image data stored in read-only memory.
The ROM may have its contents transferred to a ran-
dom access memory used as the display refresh mem-
ory, or the image data may be read from the ROM
(using interpolation) for generating digital samples of
video signal without any subsequent memory being
iInvolved. Such display systems commonly Incorporate
counters for generating digital descriptions of display
screen raster scan in x and y coordinates. These x and y
coordinates or, x’ and y’ coordinates offset from them,
can be digitally compared to prescribed, possibly pro-
grammable, binary numbers to indicate when bound-
artes of square 32 of FIG. 2 are reached by display
raster scan to control the gating of clock pulses to the
portions of subraster scan generator 40 that generate the
radial coordinate r. The less significant bits of these x
and y or x’ and y’ coordinates describe an image space
coextensive with that used as input addressing to the
ROM. The less significant bits of these x and y or x’ and
y' coordinates can supply Cartesian-coordinate descrip-
tions of coordinate space in the portion of the display
screen to be occupied by the symbol generated from
data taken from ROM, for conversion to angular coor-
dinates by the apparatus of FIG. 4, in lieu of separate
counter and flip-flop arrangements being used espe-
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cially for supplying such descriptions. The more signifi-
cant bits of these x and y or x’ and ¥’ coordinates can be
decoded, so as to furnish READ ENABLE signal to
the image memory storing the graphic symbol only
during scanning of the portion of the display screen in
which the symbol is to be located; or an alternate form
of selectively enabling the depiction of the symbol on
the display screen may instead be used. In the claims
which follow, then, the term “raster scan” includes

within its ambit those raster scans which are only a
portion of a complete display raster scan, being reduced
in number of scan lines, or in number of piexels per scan

line, or both.

What is claimed is:

1. Phantom raster generating apparatus comprising:

means for generating a description of raster scan in
angular coordinates and in coordinates orthogonal
to said angular coordinates, each coordinate being
a digital representation of a number having a mod-
ular or whole-number portion and having a resid-
ual or fractional portion;

Image memory means responsive during each of its
read cycles to the whole-number portions of said
digital representations of said angular and said
orthogonal coordinates applied thereto as memory
addressing for supplying data concerning succes-
sive ones of first points located at said whole-num-
ber portions of said angular and orthogonal coordi-
nates, second points located at said whole-number
portion of one of said angular and orthogonal coor-
dinates altered by unity in a given sense and at said
whole-number portion of the other of said angular
and orthogonal coordinates, third points located at
satd whole-number portion of said other of said
angular and orthogonal coordinates altered by
unity in said given sense and said whole-number
portion of said one of said angular and orthogonal
coordinates, and fourth points located at said
whole-number portions of said angular and orthog-
onal coordinates each altered by unity in said given
sense;

means for performing a first linear interpolation, ac-
cording to fractional portions of said one of said
angular and orthogonal coordinates, between data
concerning successive pairs of first and second
points to obtain a stream of first intermediate inter-
polation results;

means for performing a second linear interpolation
according to fractional portions of said one of said
angular and orthogonal coordinates, between data
concerning successive pairs of third and fourth
points to obtain a stream of second intermediate
interpolation results; and

means for performing a third linear interpolation
between concurrently provided first and second
intermediate interpolation results according to
fractional portions of said other of said angular and
orthogonal coordinates to obtain a stream of suc-
cessive video signal samples. |

2. Phantom raster generating apparatus as set forth in

claim 1 wherein said means for generating a description

of raster scan in angular and radial coordinates includes:

means for transforming a description of unrotated

raster scan in Cartesian coordinates to a description

of unrotated raster scan in angular and radial coor-
dinates. | |

3. Phantom raster generating apparatus as set forth in

claim 1 wherein said means for generating a description
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of raster scan in angular and orthogonal coordinates
includes: |

means for transforming a description of unrotated

raster scan in Cartesian coordinates to a description
of unrotated raster scan in angular and orthogonal
coordinates; and

means for linearly combining a programmable offset

to said angular coordinates.

4. Phantom raster generating apparatus as set forth in
claim 1 wherein said means for generating a description
of raster scan in angular and orthogonal coordinates
includes:

means for transforming a description of unrotated

raster scan in Cartesian coordinates to a description
of unrotated raster scan in angular and orthogonal
coordinates; and |

means for linearly combining offsets with said angu-

lar coordinates as a function of said orthogonal
coordinates.

5. Phangom raster generating apparatus as set forth in
claims 1, 2, 3 or 4 wherein said orthogonal coordinates
are radial coordinates.

6. Phantom raster generating apparatus comprising:

means for generating a description of raster scan in

angular coordinates and in coordinates orthogonal
to said angular coordinates, each coordinate being
a digital representation of a number having a mod-
ular or whole-number portion and having a resid-
ual or fractional portion;

means selectively combining an offset with said angu-

lar coordinates for generating modified angular
coordinates;

image memory means responsive during each of its

read cycles to the whole-number portions of said
digital representations of said modified angular and
said orthogonal coordinates applied thereto as
memory addressing, for supplying said data con-
cerning successive ones of first points located at
said whole-number portions of said modified angu-
lar and orthogonal coordinates, second points lo-
cated at said whole-number portion of one of said
modified angular and orthogonal coordinates al-
tered by unity in a given sense and at said whole-
number portion of the other of said modified angu-
lar and orthogonal coordinates, third points lo-
cated at said whole-number portion of said other of
said modified angular and orthogonal coordinates
altered by unity in said given sense and said whole-
number portion of said one of said modified angu-
lar and orthogonal coordinates, and fourth points
located at said whole-number portions of said an-
gular and orthogonal coordinates each altered by
unity in said given sense; and

means responsive to the fractional portions of said

modified angular and orthogonal coordinates for
performing a two-dimensional interpolation be-
tween each successively supplied set of first, sec-
ond, third, and fourth points to obtain successive
samples of a video signal description of an image
stored in said 1mage memory means.

7. Phantom raster generating apparatus as set forth in
claim 6 wherein said means for generating a description
of a selectively rotated raster scan in angular coordi-
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nates and in coordinates orthogonal to said angular
coordinates comprises:

means for generating a description of one orientation

of raster scan in original angular coordinates and in
coordinates orthogonal to said original angular
coordinates; and

means for selectively combining an offset with the

original angular coordinates thus generated to gen-
erate said description of a selectively rotated raster
scan In angular coordinates and in coordinates
orthogonal to said angular coordinates.

8. A method for generating a video signal descriptive
of a television screen image which can be rotated con-
trollably from its normal orientation on the television
screen, comprising the steps of:

storing, in memory, video signal samples providing a

description of the normal orientation of an image,
each for subsequent recovery responsive to an
input address defined in angular coordinates and in
coordinates orthogonal to those angular coordi-
nates;

generating, during said subsequent recovery, a de-

scription of an ordinary orientation of a raster scan
in angular coordinates and coordinates orthogonal
thereto:

supplying, during said subsequent recovery, offsets

descriptive of the angle between the normal orien-
tation and the rotated orientation of said television
image;

linearly combining, during said subsequent recovery,

the angular coordinates descriptive of that ordi-
nary orlentation of raster scan with those offsets,
for obtaining modified angular coordinates, which
modified angular coordinates together with said
orthogonal coordinates provide a description of a
rotated raster scan; |

recovering video samples from said memory while

applying said description of a rotated raster scan as
a succession of said input addresses for said mem-
ory; and

converting the successively recovered video samples

to a continuous video signal.

9. The method as set forth in claim 8 wherein the
generating of the description of the ordinary orientation
of raster scan is carried forward using accumulation
over a raster scan period and wherein the supplying of
offsets is such that the change in the value of supplied
offset may occur at random within said raster scan per-
1od, whereby image rotation can proceed independently
of raster scan without interfering with the accumulation
used in generating of the description of the ordinary
orientation of raster scan.

10. A method as set forth in claim 8 wherein said step
of recovering samples from said memory includes

simultaneously recovering a plurality of video sam-

ples descriptive of image at adjacent storage loca-
ttons for each input address applied to memory;
and wherein said step of converting the succes-
sively recovered video samples to a continuous
video signal includes the steps of

interpolating between simultaneously recovered

video samples and

converting the interpolation result to said continuous

video signal.
 x 0k % %
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